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Let us ¢onsider cg?'i?%?ﬁﬁb@?'g?gﬂ?% )m'mmﬁ 8 thin,
3lightly ¢sntered wing of finlte span moving forward in a
streight line with velocity u>a (where 8 1g the apeed
of sound in the undisturbed stream) 1in its linerrized
fary [13.

Ceing the solutinn to the »roblem found by us earlier
%,?] let us find the pressure dlstributisnn on the wing rur-
fece. :

¥ings of arbitrary nlanforn
are sketched in figuree 1 2nd 2,
lLet tiie ecuatlon of the leadling-
eiyge erc I(E be glven in char-
act riestic coordinmates [2] in the
fornm v = {x) ; the ecuatlions
nf the tins ED and E;Dy in the
forn, .resnectlvely, y. = Wix)
tnd y = Walx) ; the ecuations
2f Thie Lrriling edges DT 8nd i
D, T, 1in the form y = Alx) #nd
vo= Aplx),

Let vs exoregs the pregeurs on
the wving curface vith the £id of the fun
whiceh ls given nn the wing

Alx,y) = -upglx,y)
’Vi u)/’al - 1 ¢

A
4 Figure 1.

wnere fo i the angle of atilasck e
of n wing element, - ‘

From Bernoullll's integral the dlfference in pressure
velow and above the wing p}(x,y) - pulx,y) = plx,y) 1in
rrragteristic cnordinrtes Is

p(x,y) = ?ug{%{x,y).‘f‘ Qo’(x'};}}

vhere P iz the veloclity natentinl, o e the density
ol the unlileturbed stream,

Let us divide the wing surfece into nine charscteristic
rexione ~o skwoyn In the floures,
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iernote by the letiere IV anda M with an lndex
the Line cegments norelilel to the conrdinate axes

tie onds
nleh Zie L ne %,y nlene. It iz clear thet ihe named seg-
mente refer tn the lines of intersec®lion of the characterisiic
e of the wove eouttinn with vertitices in the X,y plane e
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Reglon I is Ule replnn where there is no tin eff
;:. of ! o~

i o*. d

Thie reglon of Lre wing lies bevond the cherroteris CONE S
with vertices at B, &nd E .

Reelnn I ls tre recion wrere there 1o & Ul ¢ifect, but
o oeffect Trom the vortex pyectem of the wins, Tals re-inn
Eiea insldae the cones with vertices at £, »ud E anid be=

ad the cones with vertices at Dy and D ., The srescure
difrerence av the volnt ¥{x,y) of Region I vhere the lines
K, }; 8and !,lils intersect ~n the wing (as shown in figure 1)
ia expressed by

plx,y) = -zggff D(§,n; x,y)ak dn + uo ”n(s,m x,y)2% dn
T ; T
3

] 2
gg;f EEE,W\(Q}; x,:a 1 _ 4¥.(8) ag

e
L=Y, 1,

_?T_Ei ’T‘g’y } f B[‘W(y),ﬁ, ¥ },J an
;_5__{{ (x)} f B [g,wl(x};x,y] 28 (1)
-

MM
‘4 43
where 2, is the reginn of the wing bounded Ly the 13
{ cidy, and 1:,.22" 3a lg bounded bty Ky, M lla 8nd the
arc L = VJU, : the function x = W(y) 1g the equati:
the Tl edre 5D #nd
D(E,; x,y) = AglEmItA Em) o p(g i,y =

J(x-% ) (y-n)

re lines 1LYy end ;M4 do not intersect »n the win,,
3

£t b Y
owro in ficure 7, then the preseure difference ls exnres:

by
n{x, v} ffD £ ,mn;x,y)dE dn

v j E[§,W.(i>;x,y] 1 . 1W(E) (4%
k2
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“ere 3¢ 1l tae I"L'fi")f} counied Ly thr

Lines 0T ol W e 2nd the arc
(I ] 1043 5 ‘3 3.“4

L= ﬁ*ﬁ4 . The arrovws in the I1gur:

auow the Jdirection of integratlion over

the co‘tsur inteorale,

The areesurs difierence in Region IIT
vhlen lles incide the cherccteristic c¢one
witlhy vertex at E nand beyond the c¢ones
with vertlces at E,, D znd Dy is calcu-
1ated from forzuls fa) in which the last
teru 1s cel ecusl 1o zero, The pressure
dif"erence 1n Region I1I 1is elao ex»ressed ¥
ty formuls {2) il the venultimete term 1s
cet eoual " Zerc, .

Rerion IV is that region lying inside
e cones with vertices at E,, E, snd D
i beryoan the oone with vertex nt  De,
crre&uaﬁﬁxngﬁy, Reglon IV' 15 defined,
t {%, ) of Re tnn IV for which the lines
iy ond G le intersect on the wing, the
Tres o ure d*ffereﬂcm I1s exsressed by formula
(1) 1f the penultimate term 1is get equal %o
zers, At ¥ for vhich the Lines K,f, and
Halla 42 not intersect on the wing, the »nreag-
ure utf“erence ls exrressed by for.ula () 1f
trhe ‘enultizate tern is 2l:zo ﬂut ecual to zeroc, The nrecesure
difference le exrressed an@;o“q"vlv far points of Regisn IV
by wecns of formulas (1) and [2) if the iast terms are set
equal to zero,

The prescure difference in Region V thch lles within the
charcteristic cones with vertices st E , ©,, D, and D, is

p{x,y) = -up j‘f D(E ,v;x,y)d% cm + u“ ff D(E ,v;x,y)0E dn
ki1

= | | u f s [2 v, y,.]{ a:ucg)}as (1)
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tf the lines !M,!y and ! ”‘ intercect on tre vwing end if the
lines do notl intersect, %n the fornuls is

oi{x,y) = -uﬂ Jir (& ,r;¥,y)ak an

~un f EB W), -‘h]{ d‘M(E’.} ag (4
H ~——




In Recion VI wiich llec inside the cones vith vertices
at E &nd D an: beyond the coneg with vertlces at o
and Dhyg 21lso In Region VI', the pressure differsnce is ey~
nreceed by formula [4), The fornzula for the oressure L.
Region I has the seme form, Thus, if the noint M in vhich
the nressure 1s dexired, i1s found in one of the Reglons I7
(as shown in the figure’, IV (correspondingly IV') or V shen
in.order to establish the region and contour of integration
in the formules for the prescure, it 1s necessary to do the
following: From- ¥ draw two lines ¥, and H¥, upstrean
to intersect with the tips or treiling edges of the wing,
From the pointsof intersection ¥, end My once more draw
ilnes M Iy and MaMe upstream nof the wing to interscect
the leading edre EE, in the polnts Y3 and ls.
- If the zoirt M{x,y) iec found in Repions III or VI
(sorrespondingly IIT' or VI') then draw from M the lines
1l7a and My upetrean; the line Mg innedlately intersects
the leadiner edre T,E in Mg and the line MY, intersccts the
tin E in the ¢roe of Reglon III or the treiling edre DT in
e 2ese OF Rorioan VI, From thie s oint af intersestinn Y,
Irew a line !M,l; to intersect with the lerdins edre I,E,
If the tivg ED and 2,0, are stralcht lines parallel to
the toaslc siream or the wiag planform is such that the pointe
E ani D rndrlso £, end D, coincide, then the pressure
formulng (1) ani (2) are naturelly sluplified beceuse the last
tvo terms reduce tn -ero,
If the wing surface ls such that the functi-n D(E ,n;x,y) T O
(for excmple, in & nlane wing} then only the contour lnte: rsls
i rescin in the rreseure formulas,
D Tre rresvure formulfs zhow that there may exist 8 nlsce an
' the wing where F#(x,y) = 0 where the crescure 1s rero, Dorne
glream Trom thie rmeometricrl place the crecsure dlfference be-
counes neyrtive,
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. ror exorinle, If DE O, then FP* = O will te fourd in th
- Creglon of the wing lylap inside the cherscteristic cones with
- veritices st Z oond B, o If, with thie, the *tirs 9f the winrg

are glralylt linee narcrllel to the tasgic ctrearm, ar thre ~ninte

N Y 4 [
Z end D coinclde, then the ecuntinn F#{x,y) = ¢ agsumes
» the zinnle forn

re = QWG] - Wiy =0

in Re;_'_izm ’f‘:‘; ( -( ]
o= x) - Ay =g
in Feplinn IV, ~nA ﬁ‘(w\ h e
e ‘x-{:w'} - O

D o [‘ﬂ; k1 ~‘]

in Repinn V, W‘ ,
¥ -—

vhere x = WYy} n2nd x

ective equetione »f the srcg E, % rnd DT
relrntive 1o the X conrdingte,

In 231 %10 e ¢ner vher the uresas e JLfference ~n tre

= Uly) are the reep-
in a8 foro solved
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cine Lg ex regsed anlr by mesns of curvilinear intesrils ne-
) L LI [ T Falind Ao gy K -4 S ~. & Y b 1
cording ©7 Torm F (LD - U7 Sletritvied over the 8ra HRHE
< 3 ¥
* . A2 ” - x » % . . y ~ % Ty g g ¥ g
ol the wing contour, e curve F¥ = 7 ay Ye epcilv constructed
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by ceometric means, keeping in mind that the curve »f zero
crecaure le the locus of such points M{x,y) on tre wing
surface for which the points MNj; and !4 on the wing corn-
tour colnclide, l.e,, the arc. L sghrinks to & point.

The resulis are ceneralized to the csse vwhen the leading
edge E4E  1s not glven ty one equation y = W(x) but
conslsts of segments of smooth curves given by the eguatinns
¥y =W (x) where k =1,2,.,..,n. In this case for sctual
caleulation the formulas for nressure of the surfaces and the
contour integrale should be separated in corresponding parts,
The same remprk appliee to the tips and trailing edge.
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